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~ 2 XACA ARR NO. ~ 5 ~ 2 3  

i n s t 3 l l a t i o n  on F ~ F  a i r p l a n e s ,  
been s1,own i n  t h e  use of s 2 r i n g  thbs  n s  n Tneans o f  balanci-n? 
c o n t r o l  s u r f r c e s  on high-speed a i r p l a n e s ,  because s w i n g  
t a b s  ? e m i t  l i g h t  c o n t r o l  f o r c e s  t o  be o b t a i n e d  a t  hLgh 
snesc?s P l t i l O U t  making t h e  b a l a n c i n g  a c t i m  c r i tSca .1  t o  
s r a l l  chanyps i n  control-sI , r r face con tour .  These advai;t,h;>S 
are ob ta ined  beceuse t h e  b a l a n c i n g  a c t i c n  provided by a 
s p r i n p  t a b  i s  p r o p o r t i o n a l  t o  the a p J l i e d  c o n t r o l  f o r c e ,  
:nd very c l o s e  aerodynamic b a l s n c e  o f  t h e  c o n t r o l  s u r f a c e  
t n  n o t  r e q u l r e d .  

Cons iderable  i n t e r e s t  hcs 

ATRPLANE AKD AILERQNS 

The F6F-3 a i r p l a n e  i s  8 low-wi-=lg, s i n g l e - p l a c e ,  
si .n!zle-engine,  f i % h t e r - t y p e  nonop lme .  A tk ree-v iew 
d.ravJi.r,E of  t h e  a i rp l&;ne  1 3  sl?qwvr, 2.3 f i g u r e  1. The s p r i n g -  
t a b  c i l s r o n s  h:lve 9 F r i s e  tg3e  nose La1:;nce and & r e  
i . d e q t i . c d  t o  the o r i p i n a l  F’6k-3 s i l e r o n s  excePt  t h a t  a 
sprj .ng tab kiss b e e n  j . n s t d l 2 3  o n  each  a i l e r o n .  These 
s p r i n i :  t2Ss a re  ! d : = r , t i c a l  i n  s4.m and l o s a t i . o n  t o  the 
trim ta7c ori t h e  o r f c i n a l  ~ 5 1 7 - 3  c?..ilerons; i.n tiis c ~ s e  o f  
tiis sprl:-q;-tsb ai l s rons ,  hCiwver, t h e  t a b  on t h e  l e f t  
a i l e r o r .  i s  a c o p k i n a t i o n  t r i .m ai?d s p r i n g  tgb. Details 
o f  the s.?r’Fng-t,ab a i i e F o n  krranbem3nt E r ?  d-m~rn i n  f5.c- 
u r e s  2 aiid 3 ,  wl?ich were f u r n i s h e d  by ths  Grwman A i r c r a f t  
E n d n e e r i n g  C o r ? .  Dimensions p e r t i n e n t  t o  t h e  s i l e r o n  
c h a r a c t e r j . s t i c s  a r e  as  f o l l o w s :  

T/:i.np; F ’ p m ,  f e e t  . . . . . . . . . . . . . . . . .  92.83 
Aileron span  ( e a c h )  . f e e t  . . . . . . . . . . . .  0.375 
g i s t a n c e  f r o n :  c e n t e r  l i n e  of  a i r p l a n e  t o  

k i l . c r c n  chord,  p e r c e n t  wing chord . . . . . . . . .  20 
Aileron area.  behind h inge  l i n e  ( e a c h ) ,  squa re  f e e t  

:Lwi.bonrlr! end o f  a i l e r o n ,  p e r c e n t  semispan . . . .  64 

7 * 5 k  SnPirg-tt:ib a r e 2  ( e a c h ) ,  squa re  foot . . . . . . .  0.46 
4 .  ~, i r~ i . rzg- t i7 .b  span ( e a c h ) ,  f e e t  . . . . . . .  . 0 1.375 
Founds . . . . . . . . . . . . . . . . . . . . .  1.6 

6 Stick: f o r c e  r e q u i r e d  t o  d e f l e c t  spring t a b  1 , 

30 p r e l o a d  was used  i n  t h e  s p r i n g  of  t h e  a r r a n g e n e n t  
t 2 s t c d  mt! t h e  tabs hsld no mass b a l m c e .  The v a r i a t i o n  
of s t i c k  p o s i t i o n  w i t h  r i g h t - a j  l e r o n  s p r i n c - t a b  angle 
1: 1t‘- the ai l e r o n  h e l d  n e u t r a l  i s shown in f i g u r e  b .  The 
t2.b m g l e s  are measure6 i n  clsgrees from t h e  a i l e r o n .  The 
rc:lation between s t i c k  p o s l  t i o n  m d  r i g h t -  and l e f t - a i l e r o n  
z y l e ,  Tvith na load  on t h e  c o n t r o l  sys tcm,  i s  Yhown i n  
f‘L8zure 5. The a i l e r o n  a n g l e s  a r e  r e f e r e n c e d  t o  n e u t r a l .  
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,$Li?i?dard NA4CA photographic  r e c o r d i n g  i i i ~ t , r : m e n t s ,  
s ; ;~ ; c lx~on ized  bg a n  e l e c t ~ i c a l  t i n c r ,  wei;e used t o  weasure 

p o e f t f o n  o f  t h e  spring t a b ,  eileron, and s t i c k .  S o r r e c t  
s e r v i c e  i n 3 i c a t e d  a i r s n e e d  V i s  used her3 in  i s  clefined 
as  

0 .'; n s?eed, r o l l i i i g  ve ioc i . ty ,  a i l e r o n  s L;i.ck f o r c e ,  xx .3  t he  

where 

conlnrersibi  li t y  c o r r e c t f o n  a t  sea level 

imysact pressure, m a s u r e d  d i f f e r e i ' c e  betwaAn s t a t i c  
f0 

qC and t,otnl-heacl prassurss c o r r e c t e d  for 2 o s i t i o n  
error, i nchzs  o f  vrater 

The l a t e r a l  c o n t r o l  c h a r a c t a r f s t i c s  v:ere measured i n  
ab run t  t i l l c r o n  rolls with th?o rudder h e l d  f i x e d  as 
d e s c r i b e d  i n  r e f e r e n c e  1. Thsse rolls m2re r a d e  a t  
increments  of 53 m i l a s  p e r  hgur  f r o m  anproximate ly  100 
t o  400 miles  p e r  hour .  The r e s u l t s  a r e  g ivcn  as t h e  
v z r i a t i o n  o f  h e l i x  ang le  pb/2V and change i n  a i l e r o n  
s t i c k  f o r c e  a t  va r ious  speeds with t h e  c h m g o  j n  t o t a l  
a l l e r o n  ang lc  i n  f i c u r e  7 and ~4 t h  s t i c k  p a s i t i o n  i n  
f i g u r e  3. :'To f o r c e  d?.ta c r e  shown -En t h e s e  f i e u r e s  f o r  
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m o s t  o r  t h e  end p o i n t s  on t h e  *-curve? because t h e  con- 
t r o l .  s t i c k  vas a g a i n s t  the  s t o p s  ,?nd t h e  f o r c e s  recorded  
wt:rs a masixre o f  how h a r d  the p i l o t  wcs p s h i n g  a g a i n s t  

. s t o p s  rnthzr  t h a n  a measure of t h e  f o r c o  r squi r .ed  t o  
d.el"'l+,ct t h a  a i l e r o n s .  Limited s t i c k  d e f l e c t i o n s  wr? used  
a t  3 5 0  and 400 m i l e s  p e r  hour i n  o rd . e r  t'iat, t h e  s t run_turki l  
&;sZ rn l o a d s  of t h e  system would n o t  be zxsecded .  I-'ipL;i-.,.?s .7 
z.vd. b show t h a t  t h e  a i l e r o n  s t i c k  f o r c e s  a r e  q - , i i t g  l i g h t  
:ind t h e r z  i s  no tendency toward ove rba lance .  I t  shou ld  
ix i iot i :d  hov.ievar t h a t ,  a l t hough  t h e  2nd t 3 s t  p o i n t s  i v i  
fi:iui-e u 7 i n e i c a t e  p m t i a l  d i l e r o n  de f ' l ec t io i i ,  f i g u r e  8 
?.how3 tl%t s u b s t a n t i a l l y  full s t i . c k  t r s v e l  W ~ S  used  t o  
obt2.i.n these  a i l e r o n  d c f l e c t i o n s .  This conc'.itfon occurs  
because s o n a i d e r a b l e  s t i c k  t r a v e l  i s  used  t o  d e f l e c t  t'i:~: 
s p r i n g  t 2.b. 

2 v 

Q, 

In all f l i g h t s  f o r  which d a t a  arc, p r e s e n t e d  h e r e i n ,  
t 'ha t r a n s m i t t 2 r  of an KACA e l z s t r i c s l  c o n t r o l - p o s i t l o n  
I?Zcort?er w::s Younted e x t e r n a l l y  on t h e  T igh t  9 i l e r o n  t o  
measure t h e  s p r i n g - t a b  angles .  R f l i g h t  made wi thout  t h e  
t r a n s m i t t e r ,  however, sh.owed tha t  t h t s  p ro tube raxce  caused  
no ctlacpe i n  t h e  a i l e r o n  c h a r a c t e r i s t i c s .  The r e s u l t s  
o f  t h e  meusurements o f  s p r i n g - t  ab ang les  d u r i n g  t h e  a t r u p t  
R f l e r o n  r o l l s  a r e  showr. i n  f i g u r e  9 as t h e  v a r i a t i o n  o f  
s ? r i n < : - t g b  angle  on t h e  r i g h t  z i l e r o n  with d e f l e c t i m  of 
t2k7_'*t a i l e r o n .  The s i r r i l a r i t y  o f  tkiec;e cu rves  t o  curv3s  
o f  ':i.ri~:~-aorrent -, coef ' f ' i c ien ts  f o r  a F r i s e  type  ::ilepon, 
s;in_h 2.s is usee. on t h e  F6F-3 a i r p l a n e ,  i n : l i c a t c  t h a t  t h e  

t ,o . - le f lec t  t h e  a i l e r o n .  That i s ,  for t h e  down-aileron. 
d o i ' l e c t i o n s ,  t h e  l a r g e  t a b  ang le s  inr?ic:ite l i t t l e  ae ro -  
(?.ynaY!ic, bAlance; u-hile for t he  u p - a i l e r o n  d e f l s c t i o n s  
the  negst.:.ve t a b  angles  t end  t o  oppose t h e  a i l s r o n  t r a v e l ,  
which ir,d-:.cntes aerodynamic ove rba lance ,  u n t i l  s e p a r q t i o n  
occurs  abcut  t h e  nose .  Separa. t ion d e c r e a s e s  t h e  aerodynamic 
ba lance  and c3uses  t h e  s p r i n g  t a b  t o  d e f l e c t  i n  a d i r e c -  
t l o n  t o  a i d  in d e f l e c t i n g  t h e  a i l e r o n s .  

ai?sle i s  y r o p o r t i o n a l  t o  the s t i c k  f o r c e  r e q u i r e d  

IT' -he over-all e f f i c i e n c y  o f  t h e  s p r i n g - t a b  a i l e r o n s  
i s  compar<:d with t h a t  of t h e  o r i g i n a l  F6F-3 a i l e r o n s  i n  
flzures 10 and 11. These f i g u r e s  p r e s e n t ,  r e s p e c t i v e l y ,  , 
t h e  ph/;ZV and the  r o l l i n g  v e l o c i t y  a t  &n a1t i tud .e  o f  
10,000 f s e t  ob ta ined  throughout  t he  speed  range  with f u l l  
s t i c k  d a f l o c t i o n  o r  3G-pound s t i c k  f o r c e ,  whichever  occurred 
f i - r s t .  The d a t a  f o r  t h e  o r i g i n a l  a i l e r o n s  were o b t s i n e d  
f r m  a f l i g h t  i n v e s t i g a t i o n  ( u n p u b l i s h s d )  of the? hand l ing  
q u a l i t i e s  of t h e  ~ 6 ~ 3  a i r p l a n e ,  These d a t a  show t h a t  I 

- 1  
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1. T h e  s p r i n g - t a 5  ril3rcna or, t h e  F . ( F - ~  a t r p l c n e  
sh0;n7\d no tcnc'ancy t o  f l u t t e r  i l l  t h e  sgeed range  up t o  
)13:0 x f l e s  p e r  h o > n ,  and. a n y  o s c i l l e  ti oils f ollowinl;  
s ' o r G g t  c o n t r o l  d e f l e s t i o n  were h e a v i l y  darn3ed. 

2. The s p r i n L - t a b  a i l e r m s  hac'! deaira 'dly l i ch t  s t i c "  

3 ,  Ths sprjng-t :JS ai l -3rons zave  8G p e r c e n t  h i t h e r  
of c f fe '3 . t ivenesr  w i th  8 30-pound s t i c k  f o r c e  at 

i orGr-is wi t h ? u t  my- te::dency t o  overbqlcnze .  

l e s  g e r  hour  t h a n  t h e  o r i g i n a l  ?61'-3 a i l e r o n s .  i:t 
:,:,eeqs l o v e r  t h a n  275 n- i l e s  p e r  hour, t h e  s p r i n g - t a b  
r i i13ror .s  '?ad l 2 s s  e f f e c t i v e n e s s  than  t h e  o r i g i n a l  a i l c r o a s  

ca,:se o f  r e s t r l c t s d  a i l e r o n  t r a v e l  a s  a result of tLe 
ixse I 3 . f  l a r y e  skicb- d e f l e c t i o n  t o  d e f l e c t  the s p r i n g  tab. 

I;.. The available a i l e r G n  z f f e c t i v e c s s s  v; i t ! i  t h e  
spr.in[:;-t 6.b o i l e m n s  at tkie l o h e r  spej2dz c7iild be insreasn,d 
wi thout  a f i ' e c t I i y  ht;:;h-s?eed l a t e r a l  co r i t ro l  ~ ' y '  nn f n c r e a s o  
i n  t h e  a v z i l a b l e  a i l e r o n  d e f l e c t i o n  arid a ood . iP ica t ion  
o f  t h e  s p r i n g - t ~ b  a r r a n g e m n t .  Such an arrs.r,gem;:nt might, 
k':3wver,  ix mrp s y . s c e p t i b l e  t o  flutter than t h e  ~;ro.;iuc- 
t i  011 I n s t  a1 ].at 'L on. 

I. J3hnso9, Karold I.:  F A C A  Procedure for Plight Tes t s  
o f  Ai le ron  C h a r a c t e r i s t i c s  of  Airplsnes .  ??ACA 
T;F! FO . 3 ~ 2 1 : ,  1911.3. 
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Figure 1.- Three-view drawing o f  F6F-3 airplane. 
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F i g u r e  2 . -  S p r i n g - t a b - a i l e r o n  arrangement of F6F-3 a i r p l a n e .  
(Dsta furnished by Grumman A i r c r a f t  Engineer ing  C o r p . )  
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Time, Set 

F i g u r e  6 . -  T i m e  h i s t o r i e s  of t y p i c a l  a t t empted  a i l e r o n  o s c i l l a t i o n s  
f o l l o w i n g  abrupt d e f l e c t i o n  o f  c o n t r o l .  F6F-3 a i r p l a n e  w i t h  
s p r i n g - t a b  a i l e r o n s .  

/ 2 
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F i g u r e  7 . -  V a r i a t i o n  of pb/ZV and change  i n  a i l e r o n  e t l c k  f o r c e  
w i t h  change  i n  t o t a l  a i l e r o n  a n g l e .  F6F-3 a i r p l a n e  w i t h  s p r i n g -  
t a b  a i l e r o n s .  
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F i g u r e  8 . -  V a r i a t i o n  o f  pb/2V a n d  c h a n g e  i n  a i l e r o n  s t i c k  f o r c e  
w i t h  s t i c k  p o s i t i o n .  F6F-3 a i r p l a n e  w i t h  s p r i n g - t a b  a i l e r o n s .  
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